10 Lowest Pressure All time warm high temps Bozeman and Dillon

Nov 2010 | Ear Hu| Quietes 95 Snowiest Nov at several locations in MT — Millegan 52”

Dec 2010 | syr Re¢ L Fil N P One of snowiest of record: Glasgow; HVR/GTF high season

Jan 2011 |24 |F E £ N Mex — Glasgow —uﬁew monthly snowfall record — 41.6”

Feb 2011 | (1 L0V | L South k ¢ GTF — second wettest and snowiest Feb of record.

Mar 2011 N T

™

12-ft snow in| MT — cooler, but near normal precipitation.

Apr 2011 |NEER LI Fﬁ Recorg MT — Flooding along the Milk River.

=

May 2011 | F ¢ N Rare tornat k 4 K Zortman — 16.44” precip — May record for Montana.

Jun 2011 | b Re | Drought, heat c¢ Flooding with high lake levels; late snowmelt records.




“Weather Set-up
Winter 2010 and
Spring 2011

David Bernhardt
National Weather Service Great Falls



Y ' NAO Negative Mode
Moderate ( (-1.9C) North Atlantic Oscillation

What caused all of it?

One of few times that NAO, AO, PDO and ENSO were all strongly negative
NAO negative from Nov 2009 - Jan 2011.
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ow dld we get here

La Nina

westward position of convection
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*1. Amplifies mid-Pacific trough

*2. Westward placement of east
Asian jet stream.

* 3. Favors westward shift of
downstream ridge/trough normally
over western/eastern North
America



*Broad trough over North
America.

*NAO results (NAO
negative since Nov 2009)

*Ridge over Greenland

*Southward shift of North
Atlantic jet

* Disappearance of Hudson
Bay Trough/Low

2007 2008 2009 2010
AN VUL JUL AN UL AN

November 2010
500—-hPa Height and Anomaly




December 2010 December 2010
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*Pattern Intensified in Dec 2010
and continued in Jan 2011
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December 2010
Precipitation Anomalies {mm)
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*Pattern influenced by mature
La Nina, but now weakening

*First in 16 months not

strongly influenced by NAO
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70E 180 120W
N I I [ [ [ [ [ |
18 19 20 21 22 23 24 25 328 27 28 29 40

Seq Surface Temperature Anomaly {C)
i

_&%ﬁa G T y e
g ny 4:93?5}-“ .
\?\{ﬂ /{%. Mﬁ‘n k\mw
0 Rl ~
/6"\" Q S . /
- &y w7 ;w - - / | 34 q:“
B0E 120F 180 120 BOW i
I [ [ | | [ e

February 2011
500—hPa Height and Anomaly

-12

*Feb 2011

-4



February 2011

Temperature Anomalies {C)
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Cold across northwest US, small area of above normal precipitation



*Stronger than normal west
Pacific trough to W US.

*More storms and above
normal precip northern tier
of US.

*Suppressed convection
continues trough over Pacific

*But slipping eastward

O
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Temperature Anomalies (C)
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Cold across northwest US, above normal precipitation; second
wettest of record in MT (90t percentile). Spring wettest of record

bv over ¥ inch (7.15”)



National Weather Service - Great Falls, MT

Montana Precipitation for the Month
-
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November 2010 - April 2011 Precipitation anomalies
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National Weather Service - Great Falls, MT
Montana Precipitation for the Water Year
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*Persistently high precip
amounts

*Water-year very wet eastern
MT



Winter Severity Index with ENSO trace Eastern Montana

(Billings, Cut Bank, Havre, Helena, Glasgow, Glendive, Great Falls, Lewistown)
(index includes snowfall [15%], mean winter temperature [18%] and extreme

19
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StDev = 1.4
e ENSO




Zortman (17.18”)
May 16.44”
30-day 20.22”
18.17” Warrick June 1906
28 3” Flattop
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Wettest month of

Snowiest December
record

Nearly
unprecedented

strength of negative Snowiest month of
indices record

--Influencing
atmospheric
patterns

Snowiest Winter Wettest spring




Jul 2010

Sep 2010

Oct 2010

Going-to-Sun l¢ Latest snow melt dates of record mountain locations.

MT driest soil moisture va Cntrl MT — Driest summer of record.

All-Time record warm temperature (97F).

Thank You!

Questions?




